SUMMARY In a selected group of 103 babies referred with neonatal conjunctivitis Neisseria gonorrhoeae was isolated from 11 and Chlamydia trachomatis from 33. Concurrent infection was present in three. One toddler sibling developed chlamydial conjunctivitis. After treatment C. trachomatis was re-isolated from six babies during the follow-up period. The discharge started one to three days after delivery in only three babies with gonococcal conjunctivitis and at five to eight days in eight babies. One baby was delivered by caesarean section. N. gonorrhoeae was isolated from four asymptomatic fathers, all of whom had urethritis. The mean onset of discharge in the 33 babies from whom Chlamydia was isolated was 7 1 days. One baby was delivered by caesarean section. Chlamydial conjunctivitis was associated with a high incidence of prematurity and of postpartum infection in the mother. Ten fathers of Chlamydia-positive babies were examined. C. trachomatis was isolated from four, all of whom were asymptomatic but had low-grade urethritis. These findings confirm the pathogenic role of C. trachomatis in the cervix and indicate the importance to the family of an adequate microbiological investigation of neonatal conjunctivitis.
Introduction
Infants often develop mild inflammation of the eye a few days after birth. Usually this is due to trauma or transient infection and resolves quickly without treatment. However, more severe forms of purulent conjunctivitis of the neonate are seen and some fail to respond to routine antibiotic treatment.
It has long been recognised that neonatal conjunctivitis could follow intrapartum contamination of the eye with cervical secretion if the mother had a previously unrecognised and untreated genital infection acquired by sexual contact. In the late nineteenth century gonorrhoea was undoubtedly the commonest cause of this condition as well as being the easiest causative organism to identify. As early as 1909, however, Halberstaedter and von Prowazek recognised an abacterial form of infection, and inclusion bodies were identified in the epithelial cells of the infant's conjunctiva and in cellular (NGU) in the male by tissue culture techniques (Dunlop et al., 1972; Oriel et al., 1976) . Infection is transmitted sexually to female partners of men with NGU, and C. trachomatis can be isolated from the cervix in up to 370% of such women (Hilton et al., 1974; Holmes et al., 1975) . If Security, 1965 Security, , 1976 ) is probably a measure of the failure to identify and treat these women. Thus it is likely that paediatricians, obstetricians, and general practitioners will see an increasing number of infants with neonatal conjunctivitis. Those caused by C. trachomatis do not respond to conventional treatment with eye 173 drops of neomycin, chloramphenicol, gentamicin, or penicillin and persistent infection may result. Some cases progress to palpebral scarring and micropannus similar to, although less in degree than, the sequelae of tropical trachoma Mordhorst and Dawson, 1971 ). The eyesight is rarely affected.
Infection of the infant with sexually transmissable agents such as N. gonorrhoeae or C. trachomatis implies that the mother had a cervical infection at the time of birth and that the father may have a persistent but unrecognised urethritis. N. gonorrhoeae can cause pelvic infection and an association between pelvic infection and chlamydial cervicitis has been suggested (Westrom, 1975; Mardh et al., 1977) . A high incidence of postpartum infection in mothers of infants with chlamydial conjunctivitis has been reported Rees et a!., 1977a Specimens were obtained with cottonwool-tipped swabs from the mucosal surface of the lower lids in all cases and from the upper lids if possible, and were examined microscopically and by culture for gonococci, other bacteria, and for candida species. Stuart's medium was used for transport of bacteria but most swabs for gonococcal culture were inoculated directly on to a selective medium containing antibiotics (Lab M).
Swabs for chlamydial culture were kept at 4°C in transport medium until they were inoculated into tissue culture between 12 and 24 hours later (Hobson et al., 1974) . Immediately before inoculation the swab contents were homogenised in the 2-5 ml of transport medium: 0 4 ml aliquots were inoculated on to each of two monolayer coverslip cultures (MCC) of McCoy cells in 1 oz Universal bottles and centrifuged at 2400 g for one hour. After 48 hours' incubation at 370 the MCC were Giemsa-stained and examined by light and dark ground microscopy for intracytoplasmic chlamydial inclusions. Details of the methods have already been described (Johnson, 1975; Johnson and Hobson, 1976) . In all cases the results described below represent the direct inoculation of the specimen into tissue culture. No second passage from tissue culture to tissue culture was performed to avoid any risk of false positive results by cross-contamination, and known negative material was inoculated, centrifuged, incubated, and stained with each batch of MCC. All specimens were given serial numbers on arrival in the laboratory and examined in random order.
Specimens for identification of herpes simplex virus by electron microscopical examination and culture were taken in some cases.
Mothers were investigated in the maternity unit if possible, but mothers of premature babies had usually been discharged; these, and mothers whose babies had late onset conjunctivitis, were requested to attend as outpatients if either gonococci or Chlamydia was isolated from the infant. All were investigated for syphilis, gonorrhoea, chlamydial cervicitis, trichomoniasis, candidiasis and, in a few cases, genital herpes by conventional methods. If possible, fathers were similarly investigated if the infant and/or mother had gonococcal, chlamydial, or syphilitic infection.
Results N. gonorrhoeae was isolated from 11 babies and C. trachomatis from 33 babies and one toddler. Concurrent gonococcal and chlamydial infection was present in three babies. In one case, herpes-like particles were identified by electron microscopy, but not grown in culture.
GONOCOCCAL CONJUNCTIVITIS
Ten of the 11 babies were delivered at term, and one was premature (birth weight: 2 13 kg): seven were diagnosed in the maternity unit, and four were admitted to hospitals after being discharged from the maternity unit (three to an eye hospital and one to a children's hospital).
The reported onset of exudate varied between one and eight days after birth in those diagnosed in maternity units (1 to 3 days in three cases; 6 to 8 days in four cases) and between five and six days in the four cases admitted to eye or children's hospitals.
The day of onset in the concurrent gonococcal and chlamydial infections was the sixth day after birth in two cases and the seventh day in one. Three of the four babies re-admitted to hospital had developed discharge at six days and one at five days. These four infants had been treated with topical neomycin or chloramphenicol by the general practitioner and were not admitted until seven to twelve days after birth-that is, when it became obvious that the treatment was failing: two of them had concurrent gonococcal and chlamydial infection.
No signs were observed until the eighth day in the baby delivered by caesarean section; the mother had been treated with ampicillin for pelvic infection from the second day postpartum. N. gonorrhoeae was isolated from a high vaginal swab taken before the start of antibiotic treatment. One baby had developed an eye infection in the maternity unit at six days. Gram-negative intracellular diplococci were reported in the smear but because of the mildness of the clinical signs treatment was delayed until full identification by culture and fermentation tests was received two days later. No (Rees et al., 1977b) .
The onset of discharge varied between three and 13 days after the birth with a mean of 7-1 days, or 6-7 days if one excludes three cases given a five-day course of cloxacillin and penicillin from birth, in whom the onset was delayed to 9, 11, and 13 days respectively (Table) . 17, 19, 20, 24 (2), 30, and 57 days in the remainder. Those in whom referral had been delayed had been treated with topical chloramphenicol with improvement followed by recurrence on cessation of treatment.
All babies developed oedema of the lids and a purulent discharge, which was blood-stained in two cases. Mucosal oedema was present in all cases and was associated with a localised bubbling appearance in the more severe cases and in those in whom the request for investigation was delayed, Fig. 1 a, (Fig. 2 a, b , and Fig. 3  a, b) . Neither neomycin nor gentamicin had any effect. . . . . . . , . : . : . . : l l 6 5 . Z i ; . . . 9 < . . , X l i Results of treatment of chlanydial conjunctivitis After treatment with tetracycline eye ointment prescribed for four weeks, C. trachomatis was re-isolated from six of 24 babies who attended for follow-up. Two of these babies were inadequately treated for only two and three weeks. After four weeks' treatment, Chlamydia was re-isolated within a further four weeks in three cases, one of which was the baby born by caesarean section. Chlamydia was re-isolated from another baby four weeks after treatment in hospital and again five months after being treated again for six weeks with topical tetracycline. In five cases minor symptoms and signs recurred on relapse.
Fourteen babies were premature (42.4%). The gestation period was between 30 and 34 weeks in 10 and between 35 and 37 in four, birth weight was between 1 5 and 2-7 kg. Excluding the four babies examined as contacts because their mothers had been treated for chlamydial cervicitis before or during the pregnancy, the incidence of prematurity in the group from whom neither gonococci nor Clhlanmydia was isolated was nine of 58 cases (15-5 %).
The difference in the incidence of prematurity in chlamydial positive and negative babies is significant (X.12=6-7 P<0-01).
Findings in mothers of babies with chlamydial conjunctivitis Nineteen of the 33 mothers were married; 31 were examined. One specimen was cytotoxic: Chlamydia was isolated from the cervix in 20 of the remaining 30 mothers. Seven of the 10 negative mothers were receiving, or had received, antibiotics for postpartum infection. Nineteen of the 31 mothers developed postpartum infection: pelvic infection (11), pyrexia (3), infected lochia (4), wound infection (1).
C. trachomatis was isolated from eight of the 11 mothers with pelvic infection. All three negative mothers had received or were receiving antibiotics at the time of examination. One Chlamydia-positive mother with pelvic infection had been treated with ampicillin for infected lochia before discharge from the maternity unit. Another mother of a premature baby gave a history of severe lower abdominal pain three weeks before she attended as an outpatient, but no tenderness was found on pelvic examination and she is, therefore, excluded from the group. Sera were examined for psittacosis lymphogranuloma venereum group antibody in nine of the 11 cases and all had levels of 1:20 or higher with a rising titre in early cases. Titres of 1:80 rising to > 1:1280 were reported in two cases. (Full details of group antibody levels will be reported elsewhere.)
Findings in fathers C. trachomatis was isolated from four of 10 fathers examined. All were asymptomatic but low grade urethritis was found. One normal father had recently taken antibiotics.
Discussion
The results of this investigation suggest that neonatal eye infection caused by sexually transmissable organisms is common. This infection is unlikely to lead to impairment of sight unless neglected, but failure to establish the cause before treatment may have serious consequences to the mother in whom risk of postpartum extension of infection from the cervix appears to be high. Furthermore, the woman can be reinfected by the untreated asymptomatic man and both may be a source of infection to other members of the family.
A surprising feature of this group of babies is the late onset of gonococcal conjunctivitis. Only three of the 11 babies developed discharge within three days of birth and for this reason the diagnosis was made after the baby had been discharged from the maternity unit in four cases. It is, of course, possible that infection was not intrapartum but followed contact with infected hands or towels. Nevertheless, in one case of mild conjunctivitis developing in hospital at six days no increase in the slight conjunctival discharge occurred in the 48 hours during which confirmation of the positive Gram-stained smear was awaited. The baby delivered by caesarean section developed conjunctivitis in hospital at eight days. His mother started taking antibiotics 48 hours postpartum and was, therefore, non-infectious from that time. (Gonococci were not isolated again.) These cases suggest that gonococcal conjunctivitis may in some cases have a comparatively long incubation period and may not be acute. Alternatively, frequent postpartum transmission of infection to the eyes of infants must be postulated. Gonococcal conjunctivitis has in the past responded promptly to topical and systemic treatment with penicillin. Difficulties in treatment may be encountered in the future owing to infections with 3-lactamase producing strains of gonococci which have been identified in Liverpool since February 1976 (Percival, et al., 1976) .
Because of the late onset of chlamydial conjunctivitis (six to seven days after birth) most infected babies will be seen by the general practitioner or at the baby clinic. The high incidence of premature babies in this series may simply mean that they are more likely to be diagnosed than full-term babies because they remain in hospital for a longer time than the incubation period of the infection. However, the possibility that chlamydial cervicitis might involve the membranes overlying the internal os and result in premature rupture has been suggested (Rees et al., 1977b) . Some support is given to this suggestion by this investigation in which a significant difference in the prematurity rate for Chlamydia-positive and Chlamydia-negative babies was found. Thus the association between prematurity and conjunctivitis may be causal-that is, the mother's chlamydial infection may be responsible for both conditions as well as for an increased chance that she may develop postpartum infection.
In an epidemiological study, Watson and Gairdner (1968) (Jones, 1975; Grayston et al., 1977) .
The asymptomatic nature of both gonococcal and chlamydial infection in eight fathers underlines the necessity for early accurate diagnosis of neonatal conjunctivitis. Only if gonococci or Chlamydia are isolated will a full family investigation be carried out and the risk of pelvic infection in the mother be reduced by early diagnosis and treatment. The fact that nearly 60% of tho mothers in this series were married possibly reflects the degree of extramarital contact occurring at the present time.
